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A methd i s  presented for  determining the geometric input data required by 
the VORLAX cowuter  program i n  order t o  accurately model an a i r c r a f t  configura- 
t ion.  Techniques are described f o r  modeling each o f  the major components of 
a cofifiguration and f o r  j o in ing  these ind iv idual  components i n t o  a complete 
configuration. The effects o f  t r a i l i n g  vortex f i laments and methods o f  avcid- 
methods 
ons . 
ing  t h e i r  in tersect ion w i th  downstream panels are 
presented here are appl icable t o  most conventiona 
S M R Y  
also discussed. The 
a i r c r a f t  conf i gu ra t  
INTRODUCTION 
A generalized vortex l a t t i c e  method o f  aerodynamic analysis and a computer 
program, ca l led  VORLAX, u t i l i z i n g  t h i s  method has been developed by the 
Lockheed-California Company (reference 1).  The major i ty  o f  the input  data f o r  
t h i s  program consists o f  geometric data describing the configuration. This 
repor t  describes several paneling schemes which can be used t o  generate the 
required geometric input data. 
A given configuration i s  div ided i n t o  a set o f  major panels w i th  each 
panel describing a par t  o r  a l l  o f  a component such as a wing, pylon, o r  fuse- 
lage as i l l u s t r a t e d  i n  f igure l. 
program i n t o  minor panels, each containing an aerodynamic s ingu la r i t y .  These 
minor panels may be spaced w i th  e i t he r  a l inear  o r  a cos;ne d i s t r i b u t i o n  i n  
both the streamwise and spanwise direct ions.  As many as  Zd major panels and 
2000 minor panels are current ly  allowed w i th  symmetrical components being counted 
only once. The mcjor panels may be input i n  any order as the program i n t e r -  
n a l l y  assembles the geometric data. 
t h i s  input data include: 
The ma jo r  panels are subdivided by the 
Problems normally encountered i n  generating 
(1) determining the correct  locat ion o f  the panels, 
(2) connecting the panels properly, and (3)  avoiding the intersect ions of  
t r a i l i n g  vortex filaments with dormstrean control  points. 
DISCUSS ION 
The fol lowing discussion i s  div ided i n t o  several sections which describe 
the paneling o f  the ind iv idual  components, the proper locat ion o f  the panels, 
and the j o i n i n g  o f  the panels t o  define a complete configuration. 
Wings 
The wing o f  a conf igurat ion may be divided i n t o  as many major panels as 
necessary t o  define the planform subject t o  the constraint  t h a t  the t o t a l  
nunber of panels used for  the complete conf igurat ion may not exceed 20. The 
inboard and outboard edges of the major panels are usual ly defined by the 
leading and t r a i l i n g  edge breaks o f  the wing planform. However, when t w i s t  
o r  camber varies non-l inearly i n  the spanwise direct ion,  more major panels 
should be used since the camber and t w i s t  boundary conditions f o r  the minor 
panels are determined by 1 inear in te rpo la t ion  across each major panel. 
Figure 2a shows an untwisted tapered wing f o r  which one major panel i s  suf- 
f i c i e n t  t o  define the planform. Figure 2b shows the same planform wi th  the 
non-linear t w i s t  d i s t r i b u t i o n  shown i n  f igure 2c. A t  leas t  four major panels 
are required i n  t h i s  case t o  accurately model the given t w i s t  d is t r ibu t ion .  
I n  order t o  maintain a near uniform d i s t r i b u t i o n  o f  s ingu la r i t ies  over the 
wing, the number of spanwise minor panels on major panel C should be approx- 
imately twice t h a t  on major panels A, B, and D. The use o f  uniform spanwise 
spacing o f  the s ingular i  t i e s  resu l ts  i n  a smoother spanwise pressure d is t r ibu-  
t ion.  Figure 3 show a wing w i t h  the major paneling corresponding t o  the wing 
leading edge breaks. Here again the number o f  s ingu la r i t ies  on the major 
panels should be varied so that  a near uniform :panwise d i s t r i b u t i o n  i s  achieved. 
When more than one panel i s  used on the wing, l i n e a r  spanwise spacing should be 
used for the minor panels. Cosine spanwise spacing produces a concentration o f  
vort ices a t  the junct ion o f  the panels which i n  tu rn  causes an i r r e g u l a r i t y  i n  
the pressure d i s t r i b u t i o n  a t  the junction. 
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Simple leading o r  t r a i l i n g  edge f laps  may be modeled i n  the program. 
Experience w i th  the program has indicated tha t  these f laps  should be simulated 
by defining a new f lap panel ra ther  than by modifying the wing camber l i ne .  
The l a t e r a l  edges o f  the f l a p  panel should be a t  the satne spanwise locations 
as the wing panel, as shown i n  f i gu re  4. When the f ' ap  i s  defined as 
a separate panel, changes i n  f lap de f lec t ian  are eas i l v  made using x.ie input  
parameters A I N C l  and AINCZ. 
Horizontal and Ver t i ca l  Ta i l s  
Horizonta and ve r t i ca l  t a i l s  are modeled s i m i l a r i l y  t o  wings w i th  the 
spanwise major paneling determined by e i the r  leading o r  t r a i l i n g  edge breaks. 
However, since most t a i l s  have simple planforms without t w i s t  o r  camber, one 
major panel i s  usual ly  suf f ic ient .  
f i l l e r  panel i s  usual ly  required to  seal the gap between the fuselage and t a i l  
panels . 
Due t o  the fuselage aftbody closure, a 
asymnetric calculat ions and increases run time consideraLly. Leav 
panels does not change the resu l ts  since they are located on the a 
center l ine and do not encounter any crossflow. On an asymmetrical 
center l ine ve r t i ca l  panels are required. 
For p i t c h  plane runs, i.e., angle o f  attack var ia t ions only, the center- 
ng ou t  the 
r c r a f t  
a i r c r a f t  the 
1 ine ve r t i ca l  panels should be deleted since t h e i r  presence t r i sge rs  cer ta in  
Fusel age 
The fuselage may be modeled using e i t h e r  planar o r  fusiform paneling. 
The planar fuselage i s  the preferred representation when l i f t  and induced drag 
data are desired, but the fusiform representa t im should be employed when 
pressure data are required. 
by one o r  more zero thickness panels as i l l u s t r a t e d  i n  figures 5 and 6b. When 
working w i th  a high fipeness r a t i o  fuselage, such as a supersonic transport 
configuration, the inboard edge of the fuselage panel i s  usual ly  defined by the 
fuselage center l ine while the outboard edge i s  defined by the w i ~ 3  roo t  chord 
l ine .  
inboard edge and the wing roo t  camber f o r  the outboard edge. 
For the planar case the fuselage i s  represented 
The camber on the panel i s  the same as the fuselage camber f o r  the 
Subsonic a i r c r a f t  
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conf igurat iow, however, usual ly have a lower fineness ra t i o ,  are more blunt, 
and have a long cy l i nd r i ca l  section. 
fuselage panel i s  again defined by the fuselage center l ine but the outboard 
panel edge should extend most of the lenbth o f  the fuselage i n  order t o  approxi- 
mate the fuselage projected area. The fuselage camber, i n  t h i s  case, i s  used 
for  the camber a t  both edges of the panel. For a conf igurat ion w i th  a hor izontal  
t a i l  the outboard panel edge can be extended almost t o  the a f t  end of the 
configuration, thus al lowing the attachment o f  the hor izontal  t a i l  without 
having t o  use a f i l l e r  panel. A ve r t i ca l  f i l l e r  panel may be required 
on some configurations t o  connect the wing panel t o  the fuselage panel as 
shown i n  f i gu re  5b. 
I n  these cases the inboard edge o f  the 
Volume displacement e f fec ts  are represented when the fuselage i s  modeled 
using fusiform paneling. 
sented by a vortex l a t t i c e  arranged on a series o f  concentric cy l i nd r i ca l  
surfaces, the cross-section o f  which i s  represented by a polygon. The number 
of sides of the polygon should be kept as low as possible w i th  s i x  sides usual ly 
being adequate t o  model most cross-sections. A reference polygon i s  defined 
i n  the area o f  the wing-fuselage in tersect ion as i l l u s t r a t e d  i n  Figure 6c and 
6d. The ver t ices o f  t h i s  reference polygon are located along r a d i i  a t  a distance 
from the center o f  the fuselage equal t o  the distance from the center of the 
fuselage t o  the wing-fuselage junct ion.  i n e  vertex i s  located a t  the wing- 
fuselage junct ion point  and the remaining vert ices are then posit ioned such 
tha t  a l l  the sides o f  the polygon are near ly equal i n  length. The area o f  these 
polygons var ies as the cross-sectional area of the actual fuselage v a r i e s  a i m g  
i t s  length except i n  the region o f  the wing-fuselage in tersect ion and a t  the nose 
and t a i l  o f  a slender pointed conftguration. 
in tersect ion the cross-sectional area i s  held constant i n  order t o  assure tha t  no 
gap w i l l  occur between the wing and fuselage panels. The nose and t a i l  of a 
pointed conf igurat ion should be a r b i t r a r i l y  blunted i n  order t o  prevent crowding 
o f  the vor t ices i n  these regions. 
should be div ided i n t o  three segments wi th  the break points occuring a t  the 
leading and t r a i l i n g  edges o f  the wing root.  The number and spacing o f  the 
streamwise s ingu la r i t i es  on the centerbody should then be made equal t o  the 
number and spacing on the wing roo t  panel. 
For t h i s  method of paneling the fuselage i s  repre- 
I n  the region o f  the wing-fuselage 
When a fusi form fuselage i s  dsed, the fuselage 
This panel matching produces a 
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smoother and more accurate pressure d i s t r i b u t i o n  on the fuselage centerbody as 
well as the wing root  panel. 
Nacel 1 es 
Nacelles are usual ly modeled w i th  fusi form paneling a1 though planar 
paneling can be used. 
used f o r  the cross-sectional shape o f  the reference polygon. The area o f  the 
reference polygon i s  usual ly equal t o  the largest cross-sectional area of the 
nacelle. 
a constant area nacel le should be used. This resu l ts  i n  a simple model o f  the 
nacel le and also allows a rectangular pdnel t o  be used t o  model the pylon. 
t h i s  case the area o f  the reference polygon i s  equal t o  the i n l e t  area. 
For fusi form paneling, a hexagon o r  an octagon i s  usual ly 
For nacelles wi th  l i t t l e  var ia t ion  i n  diameter along t h e i r  length, 
For 
The planar representation f o r  nacelles i s  used only when the nacel le i s  
merged w i th  the wing as shown i n  Figure 7a. 
a i r c r a f t  center l ine,  a ve r t i ca l  panel as wel l  as a horizontal panel i s  required. 
The areas o f  these panels are equal t o  t h e i r  respective projected areas. 
f igure 7b i l l u s t r a t e s  the planar representation o f  the nacel le corresponding t o  
the geometrical representation shown i n  f i g u r e  7a. 
Since the nacelles are no t  on the 
Horizontal T a i l  and Nacelle Location 
Wing and fuselage carnber and wing t w i s t  are haidled mathematically i n  the 
program through the boundary conditions. 
incor rec t ly  located when p lo t ted  as geometrically defined i n  the program, i.e., 
w i t h o i t  camber. This i s  most read i l y  noticed on a conf igurat ion w i th  consider- 
able fuselage and/or wing camber. 
o f  a configuration, f igure 8b shows the VORLAX representation wi th a planar 
fuselage. 
t h e i r  o r i g i n a l  pos i t ion r e l a t i v e  t:, the wing root  leading edge t o  a pos i t ion 
such that  the dverage ve r t i ca l  distance between the horizontal t a i l  and the 
wing t r a i l i n g  edge i s  maintained. 
i n  the f l o w f i e l d  produced by the wing. I n  case the horizontal t a i l  panel i s  
no longer connected t o  the fuselage panels, a ve r t i ca l  f i l l e r  panel must be 
used t c  reconnect the panels a s  shown i n  figures 8c and 9c. 
The panels may, therefore, appear 
Figure 8a shows the geometrical representation 
The horizontal t a i l s  i n  f igures 8b and 8c have been relocated from 
This places the t a i l  i n  the correct  locat ion 
S m a l l  changes i n  
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the ve r t i ca l  locat ion of the s tab i l i zer ,  as required t o  avoid the t r a i l i n g  
vortex f i laments from a wing o r  nacelle, have no appreciable e f fec t  on the 
resu l ts  obtained from the program. 
Figure 9 shows the f ron t  views corresponding t o  the side views o f  f igure  8. 
The underwing munted nacelles have been relocated f o r  the VORLAX representation 
such tha t  the distance between the wing lower surface and the nacel les i s  the 
same as on the geometric representation. This posi t ions the nacel les i n  the 
correct  wing f l ow f ie ld  locat ion and a is0 maintains the correct  wing-nacelle 
interference ef fects.  Short pylon panels have been added t o  connect the nacel le 
panels t o  the wing panels. 
Panel In tersect ion 
The in tersect ion o f  the two major panels must always be a t  the edge of a 
panel. This forces the vortex f i laments from the in tersect ing panels t o  be 
al igned and, therefore, they cannot in te rsec t  the control  points o f  the adjacent 
panels. Figure 10a shows a wing w i th  an in te rsec t ing  ve r t i ca l  f i n  and pylon. 
One major panel would usual ly be s u f f i c i e n t  t o  inodel t h i s  wing without the f in 
o r  pylon. However, w i th  the f i n  and pylon, the wing must be div ided i n t o  three 
major panels w i th  the l a t e r a l  edges occuring a t  the intersect ions of the wing 
w i th  the f i n  and pylon panels. An a l ternate method o f  at taching the f i n  and 
pylon panels t o  the wing i s  t c  relocate them l a t e r a l l y  such tha t  they in tersect  
the wing a t  the junct ion o f  two minor panels. 
Figure 10b shows the in tersect ion o f  a pylon w i th  a fuselage and a nacelle. 
The pylon panel i s  connected between an in te rsec t ion  o f  the nacel le panels and 
an in tersect ion of the fuselage panels. The pylon i n  f igure 10b i s  composed of 
two major panels-one rectangular and one trapezoidal. 
a zero length edge on a panel, a very short inboard edge i s  used on the f i l l e r  
panel. A trapezoidal panel i s  o f ten required f o r  seal ing between the pylons, 
ve r t i ca l  t a i l ,  and horizontal t a i l  and the fuselage. The f i l l e r  panels should 
always be tangent t o  o r  outside o f  in tersect ing curved panels as i l l u s t r a t e d  i n  
f igure  lob. 
I n  order t o  avoid having 
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T r a i l i n g  Vortex Filaments 
One o f  the problems encountered when modeling a conf igurat ion i s  t ha t  o f  
Every minor panel contains 
the t r a i l i n g  vortex f i laments from an upstream panel passing close t o  o r  i n t e r -  
secting the control  points on a downstream panel. 
a horseshoe vortex wi th  two t r a i l i n g  f i laments extending downstream as i l l u s t r a t e d  
i n  f igure 11. When a t r a i l i n g  vortex f i lament crosses a downstream panel near 
i t s  control  point, a ve loc i ty  i s  induced on the panel inversely proport ional t o  
the square o f  the distance between the control  po int  and the t r a i l i n g  vortex 
filament. For very small separation distances the induced ve loc i ty  on the 
minor panel i s  s u f f i c i e n t  t o  cause a larg2 er ro r  i n  the t o t a l  forcc on the 
major panel. I f  the t r a i l i n g  vortex f i lament should in tersect  the panel a t  
the control  point, i n f i n i t e  ve loc i t ies  w i l l  be induced on the panel and the .  
so lu t ion w i l l  f a i l .  A l l  panels must, therefore, be al igned such tha t  the 
t r a i l i n g  vort ices from one panel do not pass near o r  in te rsec t  the contro l  
po int  o f  a downstream panel. 
near i t s  control  point, the downstream panel must e i ther  be moved o r  i t s  paneling 
rearranged so tha t  a l l  the t r a i l i n g  vort ices are al igned ( f igure 12). For 
f ine mesh paneling the interference usual ly requires tha t  the downstream panel 
be moved out of the v i c i n i t y  o f  the t r a i l i n g  vort ices.  
I f  a vortex filament does cross a downstream panel 
An opt ion i n  the VORLAX program allows the wake vort ices t o  stream a,-: 
from the t r a i l i n g  edge o f  the major panel pa ra l l e l  t o  the x-axis o r  a t  a 
designated downwash o r  sidewash angle. 
specified, caution must again be used t o  make cer ta in  tha t  the deflected t r a i l i n g  
vortex f i laments do not pass near or in tersect  a c o n t r o l  po int  on a downstream 
panel. 
Whenever 3 downwash o r  sidewash angle i s  
CONCLUDING REMARKS 
Methods of paneling an a i r c r a f i  conf guration i n  order t o  generate input 
data for  the VORLAX computer program have been described, 
presented herein are adeql;ate t o  model most a i r c r a f t  configurations. Aerodynamic 
data obtained from the VORLAX program f o r  configurations modeled using these 
paneling techniques have been very good. When paneling a conf igurat io?,  the 
The techniques 
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most important items t o  remember are: 
(1) The location o f  a panel i n  the f lawf ie ld should be maintained 
re la t i ve  t o  the location o f  the component most responstlle fo r  
generating that f 1 owf i e l  d . 
(2) A l l  panels must be connected. 
(3)  The intersection o f  t r a i l i n g  vortex filaments with downstream panels 
must be avoided. 
(4) The VORLAX representation should be kept as simple as possible. 
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Figure 5. - Planar fuselage paneling 
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Figure 6. - Three ,nethods o f  paneling a fuselage 
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a. Physical Representation 
b. VORLAX Planar Representation 
Figure 7. - VORLAX representation of nacelles 
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Wing leading Edge 
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--Wing Trailing Edge 
a. Physical representation 
b. VORLAX representation with fusiform fuselage 
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Figure 9. - Configuration with under-wing nacelles 
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Inner Wing Panel 
Center Wing Panel 
Outer Wing Panel 
a. Intersect ion with wing panels 
b. Intersection wi th  fuselage panels 
Figure 10. - Intersections o f  major panels 
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Figure 12. - Alignment o f  horizontal t a i l  panels with wing panels 
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